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Abstract: A comparative study on the foaming properties and behavior at the air-water interface of soy and whey protein isolates were 
made. Foams were obtained by the method of gas bubbling. The initial rate of passage of liquid to the foam (vi) and the maximum 
volume of liquid incorporated to the foam (VLEmax) were determined. The destabilization process of the formed foams was analyzed 
by a biphasic second order equation. Measurements of equilibrium surface tension (water/air) and surface rheological properties were 
carried out in a dynamic drop tensiometer. The foaming capacity (vi and VLEmax) and the stability of foams prepared with the whey 
protein isolates (WPI) were better than those formulated with the soy protein isolates (SPI). WPI foams were more stable showing the 
lower values of rate constants of gravity drainage and disproportion. There were significant differences (P ≤ 0.05) in the dilatational 
modulus in the surface rheology measurements, which were higher at the interface with WPI, implying greater resistance of the film 
formed to collapse and disproportion. In conclusion, WPI formed better and more stable foams than the SPI.  
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1. Introduction 
Many natural or processed foods are dispersions or 
have been dispersions during a stage of its production. 
Most of these dispersions are foams. Therefore, the 
analysis of food dispersions or colloids is of great 
practical importance [1]. 
Food dispersions are thermodynamically unstable. 
From a practical standpoint it is possible to produce a 
kinetically stable (or metastable) dispersion for a 
reasonable period of time, which is what the consumer 
demands for products [1]. 
Foams are dispersions of air bubbles in a liquid 
medium containing a surface active agent, also known 
as foaming agent. The surface active agent tends to be 
on the surface of the bubbles, protecting them from the 
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collapse. The composition and properties of the 
adsorbed layer determines the resulting stability and 
physical properties of the foam [2].  
The process of destabilization of foam is the 
tendency of the discontinuous gas phase to form a 
continuous phase by approximation and fusion of the 
bubbles, achieving a minimum surface area (minimum 
free energy). This process is opposed by the protein 
surface film, which as a mechanical barrier the more 
effective it is, the greater their viscoelasticity and 
rigidity are. The mechanisms of foam destabilization 
are liquid drainage by the effect of gravity, 
disproportion or Ostwald ripening, in which large 
bubbles grow at the expense of small bubbles by gas 
diffusion through the lamellae, and collapse of the 
foam by lamellae rupture. All of these mechanisms 
occur simultaneously and synergistically [3]. 
There have been several studies of the kinetics of 
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foam destabilization. Previous works studied the foam 
destabilization by a specific rate constant of drainage 
that does not differentiate between the various 
processes of destabilization [4-8]. Panizzolo and 
collaborators [9] proposed that there are two distinct 
processes of fluid drainage from the foam, one due to 
fluid drainage itself and another to the Ostwald 
ripening. On this basis, a two-phase second-order 
model which determines the rate constants and 
maximum volumes drained due to gravity drainage and 
disproportion was considered [9].  
In the present work we study the foaming properties 
of the whey protein isolate (WPI) and the soy protein 
isolate (SPI). Both of whey and soy proteins are 
by-products of the industry.  
The functional properties of whey proteins are given 
by the α-lactalbumin and β-lactoglobulin (main 
components) properties. Among them are its solubility, 
emulsifying and foaming properties and the gelling 
ability [10-12]. 
Isolated soy proteins are manufactured from defatted 
soy flakes by separation of the soy proteins from both 
the soluble and the insoluble carbohydrate fractions of 
the soybean. 
Functionality is determined, in a large part, by the 
specific processing parameters used for the 
manufacture of a given isolated soy protein. Gelation, 
emulsification, viscosity, water binding, dispersebility, 
and foaming or whipping properties are important 
functional characteristics associated with isolated soy 
proteins [13]. 
There are many studies on the literature of the 
foaming properties of whey [14-17] and soy protein 
isolates [8, 18-20]. but there no comparative studies 
between them.  
Therefore, the objective of this work is to conduct a 
comparative study on the foam ability and foam 
destabilization by gravitational drainage and 
disproportion of bovine whey and soy protein isolates 
and relates them with the behavior at the air-water 
interface.  
2. Materials and Methods 
2.1 Materials 
The bovine whey protein isolate (WPI) used was 
BiPRO from Davisco Foods (Le Sueur, MN), with a 
protein content on dry basis of 97.6% ± 0.3%. All other 
chemicals and reagents were of analytical grade from 
Sigma Chemical Co. (St. Louis, MO). 
2.2 Soy Protein Isolation 
Soy protein isolate (SPI) was obtained by aqueous 
solubilization of defatted soy flour (Sanbra, S.A., Sao 
Pablo, Brazil) at pH 8.0, followed by precipitation at 
pH 4.5, dispersion of the precipitate on alkaline 
medium (pH 8.0) and freeze-drying [21]. Protein 
content was determined by Lowry method [22].   
2.3 Protein Solubility 
The solubility’s of SPI and WPI were determined by 
dispersion of the proteins in 10 mM sodium phosphate 
buffer pH 8.0, stirring during 30 minutes at room 
temperature to make a solution of 0.1% w/v. Then the 
dispersions were centrifuged at 10,000 g for 10 minutes 
at 4 °C and the protein content was determined in the 
supernatant using the Lowry method [22].  
2.4 Surface Hydrophobicity 
Surface hydrophobicity of SPI and WPI was 
evaluated using ANS (8-anilino-1-naphthalenesulfonic 
acid) as fluorescent probe [23]. Spectrofluorometric 
measurements were taken at pH 8.0 on an 
Aminco-Bowman Series 2 Luminescence spectrometer. 
The fluorescence intensity of the blank (FIb) and of the 
ANS-protein conjugate (FIe) were recorded at wave 
length λexcitation = 363 nm and λemission = 475 nm, using  
5 nm emission and excitation slit widths. The surface 
hydrophobicity (So) was obtained graphically using the 
Kato and Nakai equation [24]. A plot of (FI%) versus 
(PC) was drawn, where (PC) is the protein 
concentration; (FI%) = (FIN)/(FImax); (FIN) = 
(FIe)-(FIb); FImax is the maximum fluorescence 
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measured from the total binding of ANS in methanol. 
2.5 Foaming Capacity 
The foaming properties of SPI and WPI were 
determined by conductimetry using the method and 
device developed by Loisel, Guéguen, and Popineau 
[25]. Foam was formed by air sparging into the protein 
solution in a column with a fretted glass disk at the 
bottom. The test was performed with 1 mg/mL protein 
dispersion in sodium phosphate buffer 0.1 M, pH 8.0 
and an ionic strength of 0.28.  
The level of the solution as a function of time was 
measured by conductimetry with a pair of electrodes 
located at the base of the column. To evaluate the 
foaming capacity, the maximal volume of liquid 
retained in the foam (VLEmax) and the initial rate of 
liquid transfer to the foam (vi) were measured [15].  
The kinetics of destabilization was determined by 
applying the kinetic model developed by Panizzolo [9]. 
There are two different processes of drainage of fluid 
from the foam, one due to fluid drainage itself and 
another to the Ostwald ripening.  
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Where:  
V (t): volume of fluid drained at time t 
Vg: maximum volume of liquid drained due to 
gravity drainage process  
Vd: maximum volume of fluid drained from the gas 
diffusion  
kg: rate constant for the gravity drainage process 
kd: rate constant for the gas diffusion process or 
disproportion. 
2.6 Interfacial Rheology  
The measurements were carried out in a dynamic 
drop tensiometer (Tracker, IT-Concept, 
Saint-Clementtes Places, France). The surface 
dilational properties E (dilational modulus), and its 
elastic (Ed) and viscous (Ev) components were 
determined in the water-air interface, 120 min after the 
drop of air was formed in a 1 mg/mL protein solution in 
phosphate buffer pH 8.0, 0.1 M and ionic strength of 
0.28. The amplitude and angular frequency remained 
constant at 10% and 200 MHz, respectively. The 
experiments were performed at 20 ± 1 °C. 
2.7 Statistical Analysis  
Analysis of variance (ANOVA) with P = 0.05 and 
mean comparison by least significant difference test 
(LSD) with P = 0.05, using Statgraphics plus 7.0.  
3. Results and Discussion 
WPI solubility is greater than the solubility of SPI. 
The same trend was found in the surface 
hydrophobicity (Table 1). It is generally observed by 
the parameters vo and VLEmax that the foam ability of 
WPI is greater than that of SPI, having significant 
differences (P ≤ 0.05) between values (Table 2). This 
means that WPI had a faster rate of incorporation of the 
liquid to the foam and was capable to retain more liquid 
than SPI.  
To exert surfactant action, the protein has to be 
rapidly adsorbed (spread, penetrate, rearranged) at the 
interface, which requires above all solubility and 
flexibility, having a low molecular weight that is 
disociable and having an adequate 
hydrophilic-lipophilic balance given by the ratio 
surface hydrophobicity/surface charge [3]. The greater 
solubility in water and the surface hydrophobicity of 
WPI account for the better foam ability of WPI.  
The values of the gravitational and disproportion 
drainage constants are presented in Table 2. kg values 
are an order of magnitude greater than those of kd, so 
that gravity drainage occurs more rapidly than the 
drainage due to disproportion. In general, in the study 
of foaming properties it was observed that the foams 
made with WPI were more stable because it has the 
lower values of kg and kd (Table 2).  
The mechanisms of destabilization of foams also 
occur during the formation of foams, therefore, proteins 
with good foaming ability must be able to counter these 
mechanisms of destabilization. That is why WPI 
presented the best foaming capacity and stability.  
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Table 1  Solubility (g of soluble protein/100 g of total 
protein) and surface hydrophobicity of proteins. 
 Solubility (%) Surface hydrophobicity 
WPI 80 ± 2 a 38.2 ± 0.1 a 
SPI 74 ± 3 b 27.4 ± 0.3 b 
The values that are in the same column with the same letter have 
no significant differences (P ≤ 0.05). 
 
Table 2  VLEmax, vi, kg, kd, Vg, Vd and for the different 
samples. 
 VLEmax (mL) 
vi 
(mL) 
kg  103 
(mL-1 s-1) 
kd  104
(mL-1 
s-1) 
Vg 
(%)
Vd 
(%)
WPI 7.5 ± 0.3 a 0.28 ± 0.02 a 3.9 ± 0.1a 6 ± 4 a 79 21
SPI 3.5 ± 0.3 b 0.15 ± 0.01 b 13 ± 1 b 13 ± 5 b 88 12
The values that are in the same column with the same letter have 
no significant differences (P ≤ 0.05). 
 
WPI foams have the greater foam ability not only due 
to the greater solubility and surface hydrophobicity, but 
also for having a more cohesive film at the air-water 
interface as confirmed in the study of interfacial 
rheology.  
The volume of liquid retained by the WPI is double 
that retained by the SPI, this may be associated with the 
higher resistance of the interfacial film formed by the 
WPI as shown by the results of the interfacial rheology 
(Table 3). In Fig. 1 it can be observed that the foams 
made with WPI presented smaller bubbles than those 
prepared with SPI. When foam is formed all the bubbles 
have the same size, as the size is governed by the pore 
diameter of the fretted glass. As they formed, bubbles of 
the foam formed with SPI collapse faster than the foams 
made with WPI, as SPI foams have less resistant 
interfacial films, which is also reflected in the initial rate 
of liquid transfer to the foam (vi), as WPI has a higher vi 
(Table 2).  
In order to investigate how effective the gravity 
drainage mechanism and Ostwald ripening to the total 
volume of fluid drained are, the proportions of the fluid 
volume in the fluid drained by gravity (Vg) and drainage 
volume due to the disproportion (Vd) were determined. 
For both, SPI and WPI, the proportion of fluid drained 
by gravity was significantly higher (never less than 79%) 
than the volume drained by disproportion (Table 2). 
Table 3  E, Ed, Ev for the different samples. 
 E (mN/m) Ed (mN/m) Ev (mN/m) 
WPI 84 ± 4 a 81 ± 4 a 19 ± 2 a 
SPI 27 ± 3 b 27 ± 4 b 4 ± 3 b 
The values that are in the same column with the same letter are 
not significant differences (P ≤ 0.05).  
 
  
A                                 B 
Fig. 1  Pictures of foams prepared with WPI (A) and SPI (B). 
 
It is important to note that the values of Vg and Vd, 
unlike kg and kd, depend on each other since they are 
proportional values. Vd values in foams obtained from 
WPI were significantly higher than those of SPI despite 
having a greater stability (kd was significantly lower). 
This fact can be explained by the greater gravitational 
drainage stability presented by WPI allowing the 
phenomenon of disproportion to have time to manifest 
itself. In the case of SPI the gravitational drainage 
process was faster and although the process of 
disproportion was most favored (higher kd) this 
contributed to a smaller proportion of the total liquid 
being drained. 
The surface dilational viscosity is crucial for the 
ability of a surfactant system to form stable foam [26]. 
The surface viscosity decreases mechanical distortions 
that might otherwise cause a breakdown of the foam 
lamellae. But also a stable film requires elastic surfaces 
to absorb external shocks and, therefore, to prevent 
rupture of the film [27]. Therefore, both effects are 
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important in stabilizing foams. WPI had the highest E, 
Ed and Ev indicating that in this case there is a stronger 
film, which could explain the greater stability of foams 
prepared with this protein isolate to disproportion and 
collapse (Table 3). The E values for SPI were less than 
a half of the E values for WPI, as it was previous 
reported by Rodriguez Niño and collaborators [28]. 
If a bubble shrinks, its area decreases and its surface 
load () increases, which does not lead to the provided 
surfactant desorb. If no desorption occurs, surface 
tension ( is lowered, the Laplace pressure is lowered, 
and the driving force for Ostwald ripening decreases. It 
will even stop as soon as the surface dilational modulus, 
Ed, which is a measure of the change in with change 
in area, becomes equal to /2. However, surfactant 
normally desorbs and Ed decreases, at a rate that 
depends on several factors, especially surfactant type. 
Proteins desorb very sluggishly, Ed remains high, and 
Ostwald ripening will be greatly retarded [29]. 
Therefore, as WPI had the higher Ed presented lesser 
Ostwald ripening as it can be seen form the value of kd. 
5. Conclusions 
These results show that WPI has better foaming 
ability than SPI, as it has greater values for vo and 
VLEmax. Foams made with WPI also have greater 
stability to drainage and disproportion (lower kg and kd). 
WPI forms more cohesive films in the interface as 
deduced from the values of E, Ed and Ev and this is why 
they were more resistant to disproportion and collapse. 
In conclusion, WPI had better foaming properties than 
SPI. 
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